In this Letter, based on the notion of gauge/gravity duality, we compute q SYK spectra in the presence of Yang-Baxter (YB) deformations. The gravitational counterpart of this duality turns out to be the YB deformed Almheiri-Polchinski (AP) model embodied with hyperbolic potential for the dilaton. Following Kaluza-Klein reduction on (AdS 2 ) η × (S 1 /Z 2 ), we compute the deformed Green's function that reproduces the original q SYK spectrum in the limit of vanishing deformations. *
Overview and motivation
Recently, the Sachdev-Ye-Kitaev (SYK) model [1] - [4] has been proposed as being one of the most promising laboratories in order to understand the origin of holographic duality. In the strict IR limit, the large N version of the theory is believed to be dual to the Lorentzian AdS 2 . As a remarkable feature, the strong coupling (|Jt| ≫ 1) version of the model turns out to be exactly solvable at the IR fixed point [5] - [11] . However, due to the presence of an infinite tower of zero (Goldstone) modes, the corresponding two point correlations diverge and therefore one needs to move slightly away from the deep infrared in order for the theory to make sense. This in turn is related to the fact that quantum gravity in pure AdS 2 is pathological in the sense that the gravitational back-reaction is infinite. One way to get rid of this instability is to couple the theory with dilaton that eventually breaks some of the IR conformal symmetries of AdS 2 .
The quest for a sensible gravity dual [12] - [18] for the SYK model has been a non trivial issue until very recently [19] - [22] . The zero temperature version of the model turns out to be dual to a 3D spacetime (AdS 2 × S 1 /Z 2 ) that could be viewed as near horizon limit of a near extremal black brane 1 . In this model, the dilaton plays the role of the compact third direction (S 1 /Z 2 ) in the dual gravity picture. It turns out that the spectrum associated with the Kaluza-Klein (KK) modes of the scalar fluctuations (propagating in the bulk 3D spacetime) precisely matches to that with corresponding spectrum of bi-local propagators in the q SYK model at strong coupling [20] . The purpose of the present article is to understand as well as extend the notion of q SYK/AdS duality [20] in a broader context namely in the presence of Yang-Baxter (YB) deformations [23] - [24] .
The motivation behind the present analysis stems from a recent observation where based on the notion of the YB deformations, the authors in [25] - [27] had proposed an interesting modification of the 2D dilaton gravity model [12] - [14] where the quadratic dilaton potential is replaced by a hyperbolic function. The resulting (deformed (AdS 2 ) η ) metric turns out to be a solution for the (YB) deformed version of the Almheiri-Polchinski (AP) model [14] . Based on the notion of the holographic correspondence one might therefore tempted to claim that these YB form of deformations [25] - [27] must have a natural interpretation in terms of bi-local excitation [7] - [8] associated with the large N version of the q SYK model at strong coupling. With this vision in mind, the goal of the present calculation is therefore to take holographic lessons on the implications of YB deformations towards the strong coupling dynamics associated with q SYK model 2 .
The organization of the rest of the paper is the following. In Section 2, we propose a dual gravity picture for the q SYK model in the presence of YB deformations. In Section 3, we compute two point correlations in the large q(≫ 1) limit. The strong coupling propagator corresponding to zero modes receives an expected divergent O(J) contribution as in the undeformed scenario [19] - [20] . However, the subleading corrections due to YB effects turn out to be suppressed compared to that with the leading (large J) contribution. Finally, we conclude in Section 4.
The deformed background 2.1 The q = 4 case
Let us first focus on the background dual to q SYK model with q = 4 [19] ,
which by means of the following substitution,
reverts back the metric of the following form 3 [20] ,
The above solution (1) could be easily generalized in the presence of YB deformations 4 ,
where we have introduced the function 5 ,
Using (2), this trivially generalizes to,
where we have used a short hand notation for the function,
The generic q solution
We now intend to construct the deformed AP model corresponding to generic q point vertex. To start with, we note down the q fermion generalization of (8),
Using (2), this precisely reduces to [20] ,
Like in the previous example, a straightforward YB generalization of (9) is indeed quite trivial,
which serves as the starting point for our subsequent analysis.
3 Correlators in the deformed AP model
The quadratic action
We start considering a single scalar field over the background (10),
where, we define the corresponding scalar Lagrangian as,
with the scalar potential [20] introduced as 6 ,
Notice that here V is a constant together with,
A straightforward calculation reveals,
The range for θ integral ranges between -1 to +1 which clearly hits the delta function discontinuity near θ ∼ ε ∼ 0. One way to get rid of this delta function discontinuity is to impose constraints on the scalar field near this singularity [20] which is subjected to the Dirichlet boundary conditions of the following form,
A careful analysis on the θ integral yields the following,
where, we set the constraint,
subjected to the fact that, ϕ(t, z, ε) = ϕ(t, z, −ε) [20] . This finally leads to the bulk quadratic action of the following form,
where, we have introduced the operator,
Considering a strong coupling limit (|J| ≫ 1) it is quite natural to expand (20) perturbatively in the coupling α(∼ 1/J) [19] which yields the following expansion of the operator,D
where, the individual terms in the expansion (21) could be formally expressed as,
Notice that (22) is identical to that with the earlier results in [20] . However on the other hand, we identify (23) as the new addition to the SYK spectrum that has its root in YB deformations associated with the AdS 2 sigma model 7 [25] - [27] . Going into the Fourier space, one might express the scalar modes as 8 ,
which finally yields the quadratic action of the following form,
Our next task would be to diagonalize the operator (21),D(=D (0) +D (1) ) and obtain the corresponding spectra. This eventually translates into a problem of solving the corresponding eigen value equation associated with this operator. Before we proceed further, 7 At the level of the AdS 2 sigma model, the YB deformation is introduced in terms of a classical R operator S Y B ∼ d 2 σγ αβ T r(J α 1 (1−2ηR•P ) P (J β )) where P is the projection. Here, J α = g −1 ∂ α g is the usual left invariant one form constructed out of the AdS 2 coset representative g ∈ SL(2)/U (1). For the purpose of our present analysis we restrict ourselves to the special choice of classical R operator that satisfies homogeneous classical YB equation. 8 In principle the integral over ν could be thought of as being that of the sum over both discrete (bound states) modes as well as the continuous modes/scattering states [6] . However, for the purpose of our present analysis we would like to restrict our computations only for those of the discrete modes with ν = 3/2 + 2n (n = 0, 1, 2..) that also sets, N ν = (2ν) −1 [7] . Therefore one might thought of replacing the integral as a sum over discrete modes and/ or the bound states,
. it is customary to express the operator (21) in the following form,
where, the individual components could be formally expressed as,
together with the function,
Diagonalization ofD θ
We start with proposing the eigenvalue equation corresponding to the angular operator,
which has a solution of the following form,
where, the individual entities could be formally expressed as,
Here, C 1,2 are integration constants that needs to be fixed using boundary conditions. Substituting the above solution (31) into (18) and subsequently expanding in the small variable θ(∼ 0) one finds 9 ,
On the other hand, imposing the other boundary condition (16) one finds, 
for zero modes in the large q limit we finally fix the potential,
The Green's function
The action (25) could be expressed as a perturbation in the coupling α namely,
In the following, we evaluate each of these above entities separately.
Zeroth order computation
We first note down the action at zeroth order in α,
where, the zeroth order operator could be expressed as usual,
Using the completeness relation for the Bessel function together with the orthogonality condition [20] for σ k (θ) it is indeed trivial to show,
where, we have introduced,
It is noteworthy to mention that Z ν (|wz|) satisfies the standard Bessel equation,
Finally, we note down the correction at quadratic order in the coupling,
.
We focus on the zero modes [19] with ν = ν ′ = 3 2 and set the scalar mass at the BF bound, m 2 0 = − 1 4 which finally yields the two point correlation in the momentum space,
where we have defined,
The second term on the R.H.S. of (55) is precisely the YB contribution to the spectrum of zero modes associated with the q SYK model in the limit of large q.
Using (54) we finally express the space time propagator as,
A straightforward computation reveals, σ k (0) 2
which thereby yields the space time propagator,
together with,
Notice that (58) is precisely of the form [5] and is sort of expected from the earlier analysis [19] . The leading order contribution goes as O(J) [19] in the limit of large J which thereby diverges. However, the sub-leading (YB) contributions turn out to be suppressed (compared with the leading term) in the limit of strong coupling.
Summary and final remarks
Before we conclude this Letter, several important remarks are in order. In the very first place, one should notice that the above background (10) suffers from an unusual metric singularity associated with the function F(z, α). This constraints our bulk calculations within a finite radial cutoff,
The existence of such radial cutoffs turns out to be a very special feature for spacetimes embodied with YB deformations [28] - [29] . One could therefore imagine constraining the bulk spacetime within a singularity surface (also known as the holographic screen [28] - [29] ) whose radial location is fixed at a finite distance z = z B that eventually could be treated as the boundary for the bulk spacetime under consideration. The dual QFT is therefore considered to be living on this holographic screen.
As far as the Gauge/Gravity duality is concerned, the above entity (60) could be thought of as being that of the energy scale associated with the holographic RG flow. In other words, depending on the (radial) location of the singularity surface one is supposed to probe the dynamics associated with the dual QFT under the RG flow. The UV fixed point associated with this RG flow corresponds to the criteria, | η J | ∼ 0 which yields the metric corresponding to AdS 2 with dilaton being completely trivial. On the other hand, the end point of this RG flow is determined by the criteria, | η J | = Λ IR ≫ 1 where Λ IR stands for that of the deep IR cutoff in the bulk. Therefore in the limit, | η J | ≪ 1 (which is the limit considered in this paper) quantum O (1/ √ N ) modifications due to YB deformations should be regarded as being that of the reminiscent of some high energy (UV) physics over the critical (saddle point) IR background [22] . However, as expected, in the strict limit of η J = 0 these UV effects completely decouple from the rest of the spectrum and one recovers the original "IR physics" corresponding to the q SYK model.
